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(5R)-5-hydroxytriptolide (LLDT-8) protects against bleomycin-induced
lung fibrosis in mice!
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Aim: To study the protective effects of atriptolide-derived, novel compound,
fibrosis; cytokines

(5R)-5-hydroxytriptolide (LLDT-8), on bleomycin-induced lung fibrosis. M ethods:
C57BL/6 micereceived anintratracheal injection of bleomycin and werethen treated
with LLDT-8 (0.5, 1, 2 mg/kg, ip) oncedaily for 7 or 14 consecutivedays. The body
weight loss and lung index augmentation was observed; the inflammatory re-
sponse including differential cells counts of neutrophils, macrophages, and lym-
phocytesin thebronchoal veolar lavagefluid (BALF), superoxide dismutase (SOD),
and malondialdehyde (MDA) level in the lung homogenates was detected, and
the fibrosis extent was evaluated by hydroxyproline content and histopathol ogi-
cal changesin the lungs. In addition, the pro-inflammatory and pro-fibrotic
cytokines, tumor necrosisfactor-o (TNF-c), interleukin-4 (1L-4), and transforming
growth factor-o. (TGF-ot) production in thelungswere measured. Results: LLDT-8
alleviated the body weight loss and lung index increase caused by bleomycin,
reduced neutrophils and lymphocytesin the BALF, promoted SOD activity,
decreased MDA production, and inhibited the hydroxyprolinelevel and theamelio-
ration of lung tissue histological damage. Moreover, LLDT-8 suppressed TNF-c,
IL-4, and TGF-B production in thelung homogenates. Concluson: LLDT-8 showed
protective effects against bleomycin-induced lung fibrosis, and the results
suggested the potential role of LLDT-8 in the treatment of this disease.
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Introduction

Idiopathic pulmonary fibrosisis a chronic, progressive
form of interdtitial lung disease, associated with an extremely
poor prognosis for survival in most patients. Most patients
dieof progressiverespiratory failure within 3-8 years of the
onset of symptoms. Considerable experimental evidence
implicated both increased collagen production and reduced
degradation, leading to an irreversible distortion of normal
tissue architecture and loss of function. However, the
pathogenesis of idiopathic pulmonary fibrosis till remains
unknown; early lung inflammatory response and subsequent
fibrotic changes are well appreciated in the time course of
this disease, and until now, there has been no satisfactory
treatment for this disease. Bleomycin, a mixture of glyco-
peptides derived from Streptomyces verticillus, isa potent
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chemotherapeuti c agent used for the treatment of lympho-
mas, head and neck cancers, and varioustumors. Moreover,
bleomycin isalso known to produce lung injury and fibrosis
in humansaswell asin experimental animals”.

The Chinesetraditiona herb Tripterygiumwilfordii Hook F
and its extracts have been widely used in the treatment of
autoimmune diseases, including rheumatoid arthritis and
systemic lupus erythematosus®®. Triptolideis identified
as the most active component accounting for the immuno-
suppressive effects of Tripterygium wilfordii Hook F.
However, the strong toxicity of triptolide limits its applica-
tion to agreat extent!™®. Recently, (5R)-5-hydroxytriptolide
(LLDT-8), anew compound derived from triptolide, was syn-
thesized and showed similar immunosuppressive activity to
that of triptolide, but itstoxicity was greatly reduced invitro
and in vivo. Invitro, LLDT-8 significantly inhibited
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mitogen-induced T and B cell proliferation, and mixed lym-
phocyte reaction, inflammatory, and Th1 type cytokines re-
leasg™. Invivo, LLDT-8 suppressed the bovine typel col-
lagen-induced arthritisin DBA/1 miceg™? and adjuvant-in-
duced arthritisin Wistar rat (our unpublished observations).
LLDT-8 prevented graft-versus-host disease and prolonged
allogeneic cardiac transplantation survival in micg®*4,
LLDT-8 attenuated the concanavalin A-induced liver hepati-
tis™ and prolonged mice survival inthe MRL-lpr/Ipr murine
model of systemic lupus erythematosus (our unpublished
observa-tions).

The purpose of the present study was to extend our find-
ingsof LLDT-8to an in vivo mouse lung fibrosis model for
further exploration of its anti-inflammatory and antifibrosis
action.

Materials and methods

Animals Female C57BL/6 mice (6-8 weeksold, 20-22 g)
werepurchased from the Shanghai Experimental Animal Cen-
ter of the Chinese Academy of Sciences (Shanghai, China).
The animal s were housed in specific pathogen-free condi-
tions. All micewereallowed to acdimatizein our facility for
1 week beforeany experimentswere sarted. All experiments
were carried out according tothe National Ingtitutesof Health
Guidefor the Care and Use of Laboratory Animals, and were
approved by the Bioethics Committee of the Shanghai Insti-
tute of MateriaMedica (Shanghai, China).

Test compound LLDT-8 was synthesi zed from triptolide
that was separated from Tripterygium wilfordii Hook F.
LLDT-8 isawhite, amorphous powder with 99% purity by
reverse phase, high-performanceliquid chromatography. The
stock solution of LLDT-8 (5 mg/mL) was prepared in 2-
methyl-1,3-propanediol, stored at 4 °C, and diluted to a
desired concentration with saline (10 mL/kg, ip). Thefina
concentration of 2-methyl-1,3-propanediol in thedosing so-
[ution was 4%.

Experimental model of bleomycin-induced lungfibrosis
Lung fibrosis was induced as described by previous studies
with minor modifications*®. Briefly, after the body weight
was recorded, the mice were anesthetized via intraperitonesl
injection of 30 mg/kg pentobarbital sodium. A midlineinci-
sion was made in the neck, and the trachea was exposed by
blunt dissection. Bleomycin hydrochloride (Nippon Kayaku,
Tokyo, Japan), was dissolved in 0.1 mL saline and injected
into theanimals' lungsviathe 0.25 mL syringes at adose of
7.5mg/kg body weight. Thenormal control received an equal
volume of sterile saline. After bleomycin or saline were
injected into the trachea, the animal operating plate was

erected and shaken to facilitate distribution of the solution
throughout the lungs. The day of bleomycin injection was
considered d 0 and the weight of the animals was recorded
every 3-4d.

Group assignment and drug administration Themice
were randomly assigned to 5 body wel ght-matched groups:
normal control, bleomycin, and the bleomycin with LLDT-8
treatment groups (LLDT-8 at 2 mg/kg, 1 mg/kg and 0.5
mg/kg). In most of the experiments, each group consisted of
8 mice, except the bronchoalveolar lavage assay, and 3 ani-
mals per group were analyzed. LLDT-8 was daily adminis-
tered tothemice by ip fromd 1. Thenormal and bleomycin
control group weredaily injected with vehicle solution by ip.

Bronchoalvedlar lavage analyss Ond 7 after bleomycin
treatment, the mice weresacrificed. The thorax was opened
by a median incision and the trachea was cannulated with a
plastic catheter attached toa2 mL syringe. Bronchoal veolar
lavage was performed in 4 mL gterile salinewith gentlemas-
saging of thelungs. The bronchoalveolar lavage fluid were
collected and centrifuged at 150xg for 10 minat 4 °C. The
total number of cellsin the lavage fluid was counted with
trypan blue staining. The cell subsets were counted with
Giemsagtaining by examining 200 cells per animal. Thecdl
numbers of macrophages, neutrophils, and lymphocytes in
the lavage fluid was cal culated according to their respective
percentages in the total cells.

L ung tissue preparation and biochemical assay One
hour after LLDT-8 or vehicleadministration ond 7 or 14, the
mice were sacrificed by bleeding. The lungs were removed
and weighed, washed twice with cold saline, and then each
lung was divided into 2 parts: the right onewasfixed in 10%
formalin solution for histological examination and the left
one was prepared for biochemical assay and cytokine
detection.

The lung samples were prepared as 10% homogenate in
0.9% saline by homogenizer on ice according tother respec-
tiveweight. Then the homogenate was centrifuged, and the
supernatant was collected and diluted. The assay of super-
oxide dismutase (SOD), mal ondial dehyde, and hydroxypro-
linelevelsfollowed the manufacturer’ sinstructions (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

Histological examination of fibrosis Thelung samples
were washed and fixed in buffered 10% formalin solution.
After embedded in paraffin, 5 um sectionswere stained with
hematoxylin-eosin (HE), and examined by 2 pathol ogistswho
were blinded to the experiment.

M easurement of tumor necrosis factor-o. (TNF-a),
interleukin-4 (1L -4), and transforming gr owth factor-g
(TGF-B) Thelung homogenate (10%) was centrifuged at
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10600xgfor 30 min at 4 °Ctoremovedebris, and thesuperna
tants were assayed for TNF-c, IL-4, and TGF-f3 concen-
trations. Thelevels of TNF-o. and IL-4 were determined
using sandwich ELISA kitsfrom PharMingen (San Diego,
CA, USA) fallowing the manufacturer’ sinstructions. The
TGF-B level wasdetermined usng aMv1Lu cdl proliferation
assay™™. Briefly, theMviLu cells(2x10%well) were cultured
in the presence of diluted acidified samples or recombinant
TGF-B (R&D Systems, Minneapalis, MN, USA) in 96-well
plates for 24 h at 37 °C in an incubator with 5% CO,. The
cdlswere pulsed with 0.5 mCi of [*H]-thymidinefor 8 h and
harvested onto glassfiber filters. Theincorporated radioac-
tivity was then counted using a Beta Scintillation Counter
(MicroBetaTrilux, Perkin-Elmer Life Sciences, Boston, MA,
USA). Theconcentration of TGF-f in thelung homogenate
was cal culated according to the rTGF-f inhibitory standard
curve. Theanti-TGF- 1,2,3antibody (Genzyme, Framingham,
MA, USA) was used to confirm the specific inhibition by
TGF-B intheMvlLucdls. ThesamplewasacidifiedtopH 2
with 1 mol/L HCI for 30 min on iceand then neutralized with
1mol/L NaOH.

Statistical analysis Datawere expressed as mean+SEM
or mean=SD where indicated. Statistical differences were
analyzed according to the analysis of variance, followed by
post-hoc multiple comparison tests (LSD). P<0.05 was con-
sidered to be significant.

Results

L L DT-8attenuated bleomycin-induced lunginjury Com-
pared with the normal control, the body weight in the
bleomycin-treated animal s decreased gradually and reached
the lowest level at d 7 after bleomycin injection, and then
tended to recover. LLDT-8 displayed protective effects on
the loss of body weight (Figure 1). Moreover, LLDT-8 was
well tolerated in the bleomycin-treated mice, showing no
changein mobility, skin hair, and respiration throughout the
experiment.

In contrast to the loss of body weight, the weight of the
lungs increased obviously in the bleomycin-treated mice,
resulting in augmentation of the lung index (lung weight
versus body weight). LLDT-8 treatment dose-dependently
inhibited the increase of the lung index as compared with
that of the vehicle-treated bleomycin group on d 7 and 14
(Figure?2).

The lungs were examined histologically on d 14 after
bleomycin injection. Dataare shownin Figure3. Thelung
architecture appeared intact in the normal control group. In
the bleomycin control group, there were multifocal diffuse
changes consisting of some combinations of thickened
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Figure 1. LLDT-8 prevented body weight loss after bleomycin
exposure. C57BL/6 mice were randomly assigned in body weight-
matched groups, and the body weight on d O (bleomycin injection)
was taken as 100%. The relative body weight was calculated as the
ratio to that on d 0. Data are expressed as mean+SEM (n=8). Three
independent experiments were performed that gave similar results.
P<0.05, °P<0.01 vs bleomycin group.
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Figure 2. LLDT-8 inhibited the increase of the lung index in

bleomycin-treated mice. Mice were sacrificed on d 7 and 14 after
bleomycin exposure, and the lung index was calculated as a ratio of
the lung weight (mg) to body weight (g) of each mouse. Data are
expressed as mean+SD (n=8). Three independent experiments were
performed that gave similar results. °P<0.05, °P<0.01 vs bleomycin

group.

alvedlar septa, intergtitial hyperplasia, intra-alveolar fibrosis
with myofibroblasts, occasional foci of dense fibrosis,
increased alveolar macrophages, and some infiltration of
inflammatory cells. However, in the LLDT-8-treated mice,
there was a marked decrease in inflammation and fibrosis.
No obviousfibratic focal was observedin the2 mg/kg LLDT-
8-treated group.

LLDT-8 suppressed lunginflammatory cell expansion
induced by bleomycin treatment The number of total cells
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Figure 3. Histological examination of lung sections on d 14 after bleomycin treatment. Lungs were harvested and fixed in buffered 10%
formalin solution. Sections were prepared and stained with HE (original magnification 40x). (A) normal mice; (B) vehicle-treated mice with
lung injury. The marked thickening alveolar septa, interstitial hyperplasia, and infiltration of inflammatory cells were observed. (C) LLDT-8 (2
mg-kg!-d%)-treated mice with lung injury; a remarkable amelioration of inflammation and fibrosis was observed.

and the subsets including macrophages, lymphocytes, and
neutrophilsin the bronchoa veolar lavage fluid were e evated
markedly in responsetobleomycinon d 7 (Table1). LLDT-8
administration dose-dependently reduced the numbers of
total cells, neutrophils, aswell aslymphocytes, but weakly
affected the macrophages number.

L L DT-8reduced hydroxyprolineand malondialdehyde
production but enhanced SOD activity in bleomycin-treated
mice To assess the total collagen content and fibrotic
process, we determined the lung hydroxyprolineleve. Data
arepresented in Table 2. In the lung homogenates from the
bleomycin control mice, the hydroxyproline level increased
ond7and 14. Adminigtration of LLDT-8 reduced the hy-
droxyproline production. On d 14, LLDT-8 at 2 mg/kg, 1
mg/kg, and 0.5 mg/kg decreased the hydroxyprolinelevel by
30.4%, 23.9%, and 15.1%, respectively. Moreover, LLDT-8
at 2 mg/kg effectively reduced the hydroxyproline produc-
tion tothe basal level asthat in the normal control.

The deprivation of antioxidant enzyme SOD indirectly
reflects reactive oxygen species production in response to

bleomycin. Asshownin Table2, LLDT-8 significantly pre-
vented the decrease of SOD activityond 7. Ond 14, SOD
activity tended to recover in the bleomycin control group;
meanwhile, LLDT-8 il showed an enhancing effect on SOD
activity.

Malondialdehyde is a marker of lipid peroxidation. In
this study, mal ondial dehyde content in the lung tissue was
remarkably elevated after bleomycin treetment. Theincreased
percentages were 78.4% and 41.2% on d 7 and 14, respec-
tively. LLDT-8 inhibited bleomycin-induced malondial-
dehyde production in a dose-dependent manner. In the 2
mg/kg LLDT-8-treated group, its production wasreduced to
the basal level asthat in thenormal control ond7. Ond 14,
thebeneficial effect of LLDT-8 wasstill observed when given
at 2mg/kg (Table2).

LLDT-8inhibited pro-inflammatory and pro-fibrotic
cytokine production in lung homogenates To evaluatethe
roles of key cytokinesin lung fibrosis, we detected TNF-c,
IL-4, and TGF- levelsin lung homogenates. Dataare pre-
sented in Figure 4. Administration of LLDT-8 significantly

Table 1. LLDT-8 decreased the inflammatory cell count in bronchoalveolar lavage fluid. On d 7 after intratracheal injection of bleomycin,
mice were sacrificed and bronchoal veolar lavage was treated with saline solution. Data are expressed as mean+SEM, and are representative of

2 experiments (n=3). "P<0.05 vs bleomycin control.

Group Dose Total cells Macrophages Lymphocytes Neutrophils
(mg/kg) (1x10°%/mL) (1x10*mL) (1x10*mL) (1x10%mL)
Control - 1.13+0.1 8.1+0.8 2.8+0.3 0.3+0.0
Bleomycin - 62.8+14.9 158.3+45.0 194.0+55.2 267.1+76.0
LLDT-8 2 24.2+6.0° 140.1+34.9 65.5£16.4° 37.1+9.3°
1 38.5+8.8 191.5+48.1 117.9+29.6 79.8+20.0°
0.5 46.7+14.2 208.6+70.4 107.3+36.2 136.7+46.1°
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Table 2. Effect of LLDT-8 on hydroxyproline, SOD, and malondialdehyde content in the lung tissues of bleomycin-treated mice. Animal was

sacrificed on d 7 and 14 after bleomycin injection.

Hydroxyproline production, SOD activity, and malondialdehyde production in lung

homogenates were measured according to the manufacturer’s instructions. Data are expressed as mean+SD, and are representative of 3

experiments (n=8). °P<0.05, °P<0.01 vs bleomycin control.

Group Dose Hydroxyproline (mg/lung) SOD (U/mg protein) Malondial dehyde (nmol/lung)
(mg/kg) D7 D 14 D7 D 14 D7 D 14
Control - 23.3+1.88 29.3+4.52 173.3+4.8 171.3+3.0 138.3+17.6 154.8+14.1
Bleomycin - 37.8+3.80 47.6+9.78 145.2+11.9 155.3+19.7 246.7+37.2 218.6+33.8
LLDT-8 2 31.2+3.85° 31.2+6.52¢ 160.8+6.8° 184.3+16.1° 132.0+28.8° 180.2+27.7°
1 34.2+5.18 33.1+9.48° 163.9+16.8° 183.9+21.8° 145.2+35.2° 185.7+36.8
0.5 33.7+6.59 40.4+12.2 166.7+13.8° 181.5+18.6° 160.1+29.4° 192.1+41.1

inhibited TNF-a production on d 7 in a dose-dependent man-
ner (Figure4A). In addition, aremarkableincreaseof IL-4
level swas seen in the bleomycin contral group ond 14 (Figure
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Figure 4. LLDT-8 inhibited cytokine production in lung homogenates
of bleomycin-treated mice. Mice were sacrificed on d 7 and 14 after
bleomycin exposure. Lungs were collected and the homogenates
were prepared. Supernatants were analyzed for TNF-o level ond 7
(A) and IL-4 level on d 14 (B) by ELISA. Data are expressed as
mean+SD (n=4). Three independent experiments were performed
that gave similar results. "P<0.05, °P<0.01 vs bleomycin group.
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4B), and LLDT-8 treatment effectively suppressed this
increase.

Inthe Mv1Lu cdl proliferation assay, TGF-3 concentra-
tion in thelung tissue elevated from 580 pg/mL in the normal
control group to 880 pg/mL on d 7, and reached 1012 pg/mL
on d 14 after bleomycin injection (Figure5). Theincrease of
the TGF-P level was suppressed after LLDT-8 treatment. In
addition, theanti-TGF-1, 2, 3 antibody wastaken totest the
specificity of proliferativeinhibition by TGF-B. Asexpected,
the suppressed cell proliferation was almost completely
restored by this antibody (data not shown).

i I Control
12007 oy Bleomycin
%99 LLDT-8 2 mg/kg
LLDT-8 1 mg/kg
900 4
3
E
2
= 600 -
=
&)
[_‘
300
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Time

Figure 5. LLDT-8 inhibited TGF-§ production in lung homogenates
of bleomycin-treated mice. Mice were sacrificed on d 7 and 14 after
bleomycin injection. Lung homogenates were tested in the Mv1Lu
cell proliferation assay. TGF-f concentration was determined ac-
cording to the rTGF-§ inhibitory standard curve. Data are expressed
as mean+SD (n=6). Three independent experiments were performed
that gave similar results. "P<0.05, °P<0.01 vs bleomycin group.

Discussion

Idiopathic pulmonary fibrosisis a progressive lung dis-
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ease with unknown pathogenesis. Theroleof theinflamma-
tion and anti-inflammatory strategy still remain controversial.
It was suggested that in addition to inflammatory cells,
alveolar epithelial cdls, mesenchymal precursor cells, fibro-
blasts, and myofibroblasts played an important role in the
diverse processes of fibrosis?. Thus, potential therapeutic
strategies can be developed at any stage which result in
idiopathic pulmonary fibrosis. These include agents that
interfere with the action of inflammatory mediators, agents
that prevent parenchymal cell damage, agentsthat prevent
the proliferation of fibroblastsand collagen synthesis, agents
that downregulate myofibroblast differentiation, and agents
that intervenewith 1 or more key eventsin the pathogenesis
or signal transduction pathways of idiopathic pulmonary
fibrosis¥. Inaddition, itisunlikely that any singletreatment
can be sufficiently effectivein the case of lung fibrosis.

Bleomycin-induced animal lung injury has been widely
used as a model of human lung fibrosis because some bio-
chemical and functional changesin the early stagesin ani-
malsresemblethat in humans. Other studiesfrom long-term
observations which reported the physiological and histo-
logical changes at |ate stages (d 120) in ratswere very differ-
ent from human diseasd™, so that extrapolation of the data
from the animal model to humans needs to be taken with
caution. However some similarities exist between the
bleomycin animal model and human lung fibrosis, and this
model is informative for antifibrosis agent evaluation and
potential mechanism research.

Theinflammatory response to bleomycin is orchestrated
partially by endogenous and migrating leukocytes, which is
also well demonstrated in our present study. These acti-
vated leukocytes can synthesize and secrete various
cytokines, chemokines, reactive oxygen species, and pro-
teases that sustain the injury/repair processes. Neutrophils
isolated from the bronchoal veolar lavage had a greater ca-
pacity to produce superoxide anion than those from the blood,
and resulted in lung damage™. Moreover, these leukocytes
together with lung epithelial and endothelial cells produced
afeedback circle where stimuli from injury responses could
activate alveolar and interstitial macrophages®. LLDT-8
ameliorated exudation in lung tissue and reduced the leuko-
cytes number, which would result in a decrease in source of
freeradicals.

Substantial data prove the cellular redox state and the
oxidant—antioxidant balance play acritica rolein the patho-
genesis of lung fibrosisin animal models and possibly in
humans?#, In addition to the inflanmation mediator, the
high level of oxidants may increase TGF-f3 releasd®!, acti-
vate protease, and enhance the fibrotic response; some an-

tioxidantsinc uding N-acetylcysteine, and SOD can decrease
collagen deposition and protect the lungs in a variety of
animal modelsor evenindlinical trials*!. LLDT-8 served as
afree-radical scavenger, enhanced SOD ability, and inhib-
ited lipid peroxidation, which hel ped to ameliorateinflamma:
tory reaction, meanwhile possibly contributing to decreased
TGF-B production and alleviating fibrosis change.

Cytokines are involved in the fibrosis process. TNF-o
induces adhesion molecule expression by vascular endot-
helial cells and intensifies the recruitment of inflammatory
cellsinto the lungs. Moreover, TNF-a is relevant to the
induction of fibrosis by augmenting synthesis of fibronectin,
prostaglandin, and TGF-. Administration of theanti-TNF-
o. antibody, soluble TNF-o. is demonstrated to be beneficial
in suppressing bleomycin-induced lung injury!®?, and now
aphasell dinical trial of soluble TNF-a receptor (Etanercept)
isunder way™*". In our study, LLDT-8 markedly inhibited
TNF-a production, providing 1 possible mechanism of its
protective effect against lung injury.

Therole of Thl and Th2 cytokinesin lung fibrosisre-
mains controversial’®#, Recent studiesdisclosed that IL-4
might play a selective anti-inflammatory role during initial
lung injury stages by limiting the early accumulation of T
cdls, but IL-4 promated fibroblast proliferation and collagen
deposition during the later stages of fibrosis®**9. ThelL-4
level in lung tissues was detected on d 7 and 14; the IL-4
increase on d 7 was not evident, and theinhibitory effect of
LLDT-8 was not significant (data not shown). However,
LLDT-8 suppressed |L-4 production on d 14 after bleomycin
injection, which possibly contributed to the blockade of lung
injury.

Moreover, we detected IFN-y and IL-10 levelsin lung
homogenateson d 7 and 14 after bleomycin injection. LLDT-8
did not affect these 2 cytokine production (data not shown).
However, LLDT-8 decreased | FN-y from concanavalin A or
Sac-stimulated murine spleen cellsin vitrd*. The possible
reason for this needs further investigation.

TGF-B isa pivotal mediator in lung fibrosis and has a
broad spectrum of activitiesin pulmonary inflammation, tis-
suerepair, and fibrosis. TGF-f3 can serveasachemoattractant
for fibroblasts and monocytes/macrophages and stimulate
these cellsto synthesize a number of pro-inflammatory and
fibrogenic cytokinessuch as TNF-o,, IL-1f3, and TGF-f itsdlf.
At the same time, TGF-f is one of the most potent inducers
of extracd lular matrix production. TGF-3 reducesthebreak-
down of collagen and other matrix proteinsby inhibiting the
generation of plasminogen activators, matrix metallopro-
teinase, and elastase, as well as by enhancing the expres-
sion of tissueinhibitors of metalloproteinases, plasminogen
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activator inhibitor-1,21**. Inour study, TGF-$ production in
lung homogenates elevated gradually after bleomycin
treatment, while LLDT-8 potently suppressed TGF-f produc-
tion and retained it at basal level asthat in the normal contral.
Then, the reduced hydroxyproline production and lung in-
jury by LLDT-8 was at least partially attributed to itsinhibi-
tion of TGF-P production.

In conclusion, LLDT-8 demonstrated protective effects
against bleomycin-induced murine pulmonary fibrosis. The
beneficial effect of LLDT-8 might be closdy associated with
itsactivities of anti-inflammation, antioxidant, and cytokine
inhibition.
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